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PBIClDIMa  PiOB  M-Amf 


USE  OF  THE  JET  FUEL  THERMAL  OXIDATION  TESTER  (JFTOT) 


FOR  PREDICTING  DIESEL  FUEL  PERFORMANCE 


1 . Introduction.  Fuel-related  f ield  performance  problems  have  been  experienced 
in  the  past  with  fuel-filter  clogging  and  injector  fouling  occurring  in  various  Army 
diesel-engine-powered  equipment.  Conventional  specification  tests  for  diesel  fuels  have 
not  been  able  to  define/predict  with  any  certainty  whether  diesel  fuels  would  exhibit 
those  tendencies  towards  fuel-filter  plugging  or  injector  fouling.  As  a result,  the 
desirability  and  need  for  a diesel  fuel  “laboratory  performance”  technique  relative  to 
fuel-lilter  plugging  and  injector  fouling  was  indicated.  The  initial  attempt  in  develop- 
ing a laboratory  performance  technique  was  provided  in  an  interim  report  which 
described  the  modification  of  the  ASTM-CRC  Fuel  Coker  apparatus.'  Although  this 
technique  showed  some  promise  in  differentiating  between  fuel  quality,  the  poor 
repeatability  and  large  safiiple  size  reriuirements  were  obvious  di.sadvantages.  However, 
the  recently  developed  Jet  Fuel  I'hennal  Oxidation  Tester  (JFTOT)  appeared  to  be  a 
viable  candidate  for  this  investigation.  The  JFT01.  described  by  ASTM  D,^241,  was 
developed  for  predicting  the  thermal  oxidation  stability  of  aviation  turbine  fuel.  As 
this  method  is  capable  of  developing  high  fuel  temperatures  through  a standard  filter 
at  standard  How  rate,  the  Jl  lOT  was  considered  to  be  a technique  having  potential 
capabilities  I'or  laboratory  perforniaiice  testing  of  die.sel  fuel.  Results  of  the  initial 
investigation  are  described  herein 

2.  Details  of  Test.  The  JFTOT  a|iparatus  was  investigated  as  a diesel  fuel 
discriminator  using  no  modifications  to  its  present  configuration.  A general  sin  unary 
of  the  JFTOI  procedure  is  provided  in  the  Appendix.  For  the  initial  assessment  of  the 
feasibility  of  the  JF  f'OT,  several  diesel  fuels  were  obtained  for  evaluation  in  terms  of 
differentiation  in  their  quality. 

I he  samples  obtained  included  fuels  which  had  been  evaluated  previously 
in  the  AS'IM-('RC  Fuel  Recycle  C'oker  study^  diesel  fuel  luoeuied  under  federal 
Specification  VV-f-800a  Cirade  l)F-2,  commercial  AS  I'M  2-1)  diesel  luels  obtained 
from  service  stations,  and  diesel  fuels  obtained  from  refinery  sources. 

Because  of  multiple  variables  in  the  .IFU)!'  procedure,  a methodology  liad 
to  be  established  for  differentiation  of  diesel  fuel  quality,  file  )'  lOl  curiently 
employs  failure,  or  test-limiting,  criteria;  namely  , exceeding  the  pressute  dilleienti.il 
(A  1’)  .icross  the  test  filter  which  is  maximum  at  127  mm  mercury  aiut/or  exceeding 

' M.iiinic  1 1 i-IVtii,  CCI  Inlcrini  Report  No  .121  . " llKinMl-OsKl.itive  S iilil>  ol  Xiilnmolive  Hk-mI  IikN  " 
I ehrii.iiv  197.1. 

- M.iutiee  1 l.elVrj.  Inlenm  Sl.itU',  Repotl  on  Recycle  I uel  ( oket  I’loetnin,  l lU  I'l.  sel  I iiel  ,x  I u,  I Swicion 
(.roup  Meetine.  II'  l.miiary  1979 
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ttu'  snil.Kv  Jist.<)|i>ialu>M  tlo|’oMlii>n  nn  Ilu'  pri'lii'.itoi  tiil'o  StiKo  llu'  i’h-mdiis  woik  1 

with  llio  ASIA!  ('Kl  I iii'l  Ri'k\kk’  l\'koi  li.ul  \1u'\m\  iIk‘  prcsMiri'  klillVik'nti.il  liiniUitK>i) 

li>  I'loMili'  .mwitii  li'st  rop(.Mtahilit\  .inil  vn.in  luori’  nuluMiiM'  ot  ilio  nu>ilo  ol  l.iilim-  j 

Ok\iimi>);  m lioUl.  tl\o  12^  inin  moik  in\  pn-ssan.'  ilillVii  nii.il  liinK  w.is  soliMoil  A iii.il  ! 

•iiul  iTH'i  losl  imlluHli>U>p,\  w.iv  ompUmvl  U*  i'nI.iI’IisIi  Ii'nI  npiM.iiinp  J 

l>aiamoU'iN  l*iolm\mai\  cxpi'iinu'iUalion  inw'Kiil  (.■\aliiatii\p  vliosol  tiiol  Naiiiplos  loUkl 
PU-vuuin1\  k>n  Iho  ASIM(  R(’  I ml  Ri'kAilv  ( >'ki'i  I l\is  v^as  lnlU»\M'kl  l’\  ovaliiatmn 
Kl  llik'  oUm  ls  I'T  k'poialmp  priKAkliiu-  i haiu’cs  lo  iniiiMM-  llu-  k»\k‘iall  siAoriU  kI  thi'  U■^t 
ami  tl\i’n  Ihi'  osiahliNliim-nl  i>l  M liH  piKkOilmv  m lu’mo  Ik  ilisv imiiiialo  llio  ipialiis 
llAl'l  k>l  lliOM'l  IlK'l 

Disk'iissiKi)  Kt  Dula  A sampling  <»!  llu*  kliosi-l  Im-K  o\aliiali’il  pii'\iKii\l>  in 
llio  ASIMCRC  I iiol  Ri'vVklo  ('Kko(  was  si-liMoil  imli.illv  "I  llu'  live  Im'ls  solmlokl, 

KUO  was  k’KiiMiliTal  tmsalislakiKrx  iii  mow  kI  ils  Ikw  raliii>’  rolalwo  Ik  llu-rmal  iiistahil 
ity  (('('I  I -SI)'),  k'no  was  niaiyinal  (('('1  •l  -SJ.''!.  ami  Iho  I'llior  lluoo  pi'ssossoil  liiiMi 
tlu-iiii.ll  sialxliU  /.Ilium’s  (('('1 -1 -SOI,  -SO.l,  ami  -SI’’)  Iho  ri\o  Inols  woio  iwalnalod 
siihsoi|iionily  in  llio  .11  lOl  appaialns  usinn  4S'’"'I  as  an  Kpoialmg  lompoialnn.'  ropro 
sonlaliNo  Kl  llio  lliroo  lomiHMalnro  ronmu's  oinplKyoil  proMKiisU  in  llio  ASIMt'R( 

I nol  Rooyolo  I'l'kor  llio  rosnlls  Kl  llio  .11  lOl  ovalnaliKii  \oisns  iIikso  k>lMainoil  pro 
viinisly  wilh  llio  Roosolo  ( Kkor  aro  slu'wn  in  lablo  1 NVilli  llio  o\oopliKn  kICc  1 I 
SO’,  iho  a.nrooiiioni  kI  ilala  was  sKinowlial  laokin,!*. 

As  llioso  woio  llio  I'lrsi  klala  Kblainoil  kii  llio  U TOI.  Iinlhoi  o\ponmon(a 
Ill'll  w.is  nooiloil.  Hasoil  upKii  llio  ilala  ilovolKpoil  piomkiisK,'  Hu-  \aiialiKiis  in 
rooNoling  WOIO  oKiisuloroil  siihsoipioiills . l lio  iiiloiit  lioro  w.is  in  iloloininio  wliollioi 
aililitiKiial  llioriiial  sirossni.i;  wkiiIiI  iiia'iiim/o  llio  iiilonsilv  kI'  rosnlls  Ik  bo  Kbiainoil 
willi  llio  .11  ror  apparatus  \ arnnis  losl  varialu'iis  iisiiif;  llio  .11  lOl  appaialns  woio 
llioii  OKiisiiloroil,  ran.onii;  Iri'iii  imillipio  passos  ilirKii.oli  llio.M  lOl  ik  llioriiial  siiossnio 
kI  sainplos  priKr  Ik  Iho  .1111)1  losi.  I wk  iliosol  liiols  woro  iisoil  I'ki  tins  ovporinioiil 
a sanipio  kI  IosI  iliosol  liiol  piKonroil  iiiiilor  1 oiloral  Spooil'ioaliKii  \ \'-l  -SOOb  iiliosol 
I'liol  I'rKiii  llio  l‘()l  I'osl  Aroa  al  Ml  RAl'CDM)  ami  a saiiipio  kT oKiiiiiioroial  Hiosol  ' 1) 

Kbiaiiioil  Iri'iii  a li'oal  sorvioo  slatiKir  oiitlot.  I'lio  rosnlls  kI'  Ilioso  .11  lOl  piKooilnral 
variatiKiis  ami  iiiKililioaliKiis  aro  sIikwii  in  l ablo  2 l lioso  ilala  roroaloil  llial  prolioalni}; 
loniporalnro  bolnw  llio  A I’  broak  pi'iiil  iliil  iikI  oaiiso  sainplos  ik  Tail  al  loniporaliiios 
boli'w  ilioir  initial  broak  'Kiiit 


M.iuiko  I i'li  liUomn  Kcpoit  No.  ' ' I . ” riuMmal  (KuUuvo  Sl.ibUU'  oi  ViiiomoiiNi  uoK.*' 
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I'ahlo  I.  C\>m|\iiison  ol  Iniiul  J1  KH  Ualj  \sitli  ihai  Ohiumod  Usiiij;  Roi>vk\l  Cl  R I iicl  Cokoi 


Sample 

, No,  141)' 

Reeyele  l uel  Cokei,' 

A l’(melies)  Aeioss  I'lllei  v 

■C,'2tM"l  177‘\72.''2“l  2(>0'’ 

Jl  lOI  Resnils 

A iMmm  IRA*  InheColoi  Ruiiims 
C ,?Ui‘’l  w 2>.?‘’C'  ASIM  IDRSprm 

((  1-1  SOI 

NR-  0 2 

0..? 

.1  III  50  mm 

,?8 

c'ci  -1  -so: 

10.7  12..? 

12 

7 III  min  4 

40 

CCl  -1  SOa 

0.1 

0.2 

1 in  50  mm  2 

27 

CCl  1 -SI? 

0.') 

1.4 

NR  4 

.'S  5 

CCl  l 822 

4.4 

I0..J 

NR  4 

.?2  5 

* U'sl  lompnaniic  iitcniily  Piclu'aU'i,' Icsl  1 illoi  coiiilMiutioii  hm\I  Ioi  iIuI  u-m  wi|ui'iuv 
■ NR  No  iiKaMital'K'  rise  in  A i’  dutiiii'  llie  lest  iiits'ival. 

' ' Al’  ■■l.iiluii'"  oiiiits  alter  dirieteiuial  esesvjs  177  mm.  lest  dmalioii  is  ISO  immiles. 

No  leasliii):  oblaiiierl  at  lemivtalure  imlK'atcU 

lable  2.  1 11  eel  ol  Aililiiional  I'lieniial  Siress/Reeireiilaluui  on  luereasiiii;  Seveniy  ol  Jl 

rc)  r 1 esi 

1 

1 Sample  No./ 

Rieeomtitiomiig  1 niploveij 

Jl  rOI  Test 
rempeiaiure, 

Al’lailnre,'  lube  Ratiii}! 

1 IVsenptioii 

rrioi  loJI'lo  r 

‘’(•(“1  ) 

(mmnies) 

ri)R  spun 

j Ml  RIH  lest 

! 171-2 

None 

2>.?(4S7) 

12.4 

2.1.8 

1 

1 '* 

200  ml  reeiK  iilaieil  m 

2y?(487) 

14,1 

24  8 

( 

\ 

Jl  l(l|  w opeiaimii 
temiH'iaiuie 

I’telieaUiit:  loi  7 In  c' 

24‘)(4o2) 

NR- 

40.8 

1 

2l2"r,  tolloweil  l>>  reeireu- 
lalioii  two  limes  lliroii.nli 

Jl  r01i“  480"  ami  475'*! 

Prelieatini;  I'ot  7 hr  !•'  21  2°l', 

24(1(47.“?) 

7(1,8 

.?5.0 

follpweil  by  leeirenlaiion 
once  iliroiinh  Jl  lOl  (•'  480‘’l' 

Pieheatiii)’  lor  7 In  w 2l2“l-  244(480) 

81.7 

.?5,0 

Commereial  2-17 

Soiiree  M 

None 

218(425) 

NR 

2.J.0 

' 

I’rehealinn  lot  1 b hr  (•<  2 1 2‘’l' 

218(425) 

NR 

20..? 

•• 

l*reheatiiiti  lor  7 hr  o'  420'’l' 

218(425) 

NR 

.?2.0 

* Al’  ■■(ailiiri-”  oivius  al'irt  I'ilTi-tcnlial  prvssutc  cvofcils  1 27  i\im 

* NR  No  iiiiMKtirabK- riso  ill  Al’ iliiriiii:  I Al'-imnulo  Irst. 
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\l  tins  point.  It  was  ilociilod  tiuit  a "staiulauii/cir'  tost  mctlioiloloi'y  was 
iKViioil  to  I'sial'lisli  tlio  toasibilitv  to  iisiiii:  tin.'  J1  ICM'  to  ilisiriiiiinati'  iiiialtl>  of 
vlk'sclAlistillato  liK'ls  i In.'  II'IOI  iii  its  prosont  t-'oril'igiiratioii  was  iloM'lopoil  to 
aitrclali.'  witli  the  .\S1M-C  Rc’  l ucK  okcr  loi  latiiig  the  pertormaiiee  of  aviation  fuels. 
Sinee  the  niaiotitv  of  fielil  prohleins  or  iliesel  fuels  have  involvevl  fuel  filter  phitiiiine. 
It  was  ileeuleil  to  use  the  .11  lOI  ‘s  Jiffereiilia!  test  filter  |irt.s.sure  ratini;  as  the  liinitine 
p.iss-lail  eriieii.i.  some  measiirahle  "Al’  rise”  within  the  first  .H)  minutes  of  operation, 
thiee  this  temper.iture  ranue  was  fouiul.  an  avlilitional  test  was  perforineil  to  validate 
the  limiting  temperature.  In  aiKlition  to  this  "A I’  failure  at  a test  temperature,"  the 
level  ol  deposition  on  the  preheater  tube  eould  be  emploved  to  provide  supplemental 
il.ita.  I'siiif;  this  appro.ieh.  a series  <.)!  fuel'  was  evaluafeil  Inili.ilh  . three  of  the  diesel 
fuels  tested  previously  ( Table  1 1 as  well  as  tive  eominereial  2-0  diesels  samples  and  two 
samples  ol  diesel  fuel  ineelmi:  \'\  -T-KlH)b  were  evaluated  usine  this  methodolojiy.  The 
results  are  slunvn  m Table  .v  In  audition  to  these,  addilii'iial  samples  iibtameil  in  eon- 
junetion  with  a ilepot  fuel  deterioration  program  were  also  analv/ed  aiul  the  results 
are  shown  m Table  4 Smee  the  data  developed  showeil  a wide  range  in  '‘theimal 
<iuahl>  ."  it  was  deeiileil  to  iilentifv  the  repeatability  of  data.  Table  5 presents  the 
repeatability  of  data  obl.nned  for  ten  representative  samples.  It  is  interesting  to  note 
that  eseellent  repeatabilitv  was  siiown  in  terms  of  A P t’ailuie  time  and  tube  ratings  m 
all  eseept  one  mstanee  In  this  ease,  the  eominereial  2-11  diesel  gave  a U)l)  pereent 
increase  m .M’  t.iilure  lime  over  that  obtained  initially.  No  esplanation  couKl  be  given 
lor  this  anoinalv , 

line  furlhei  espenmeni  was  conducted  in  an  effort  to  derive  some  meaning 
of  the  .ITltfT  tube  lalmgs  as  they  apply  to  these  fuels.  Several  fuels  were  testevl  al 
twi'  temper.iture  eoiuliiums  and  .it  differing  lest  deviations  to  assess  the  effects  of 
these  on  the  resultant  .IT  TOT  deposit  rating.  The  results  of  this  experiment  are  shown 
in  Table  (v  The  TOR  spun  deposit  rating  developed  for  each  sample  essentially  was  a 
function  of  the  time  and  temperature  conditions.  The  data  show  no  obvious  relation 
ship  of  TDR  spun  deposit  rating  and  A I’  failure  time.  These  de|>osit  ratings  aecumii 
lating  over  a iong  period  have  been  hypothesized  to  be  indicative  of  diesel  iniector 
fouling.  In  addition  to  the  experiments  presented,  all  JT'TCVT  heater  tubes  were 
weighed  before  and  after  the  tests  in  an  attempt  to  ijuantify  the  TOR  spun  deposit. 
Most  of  the  tubes  showed  neglible  weight  gain  indicating  little  if  any  relationship 
between  weight  and  deposition  ratings. 

One  List  experiment,  in  investigating  the  JFTOT  for  diesel  fuel  application, 
involveil  the  evaluation  of  additives  relative  to  their  (Hdential  deleterious  effects  Two 
types  of  .idditives  were  evaluated;  namely.  Vapor  C'orrosion  Inhibitors  tVl  h and 
Trietion  Reducer  polymers.  The  VCl  materials  were  evaluated,  as  these  are  at  times 
avMevI  to  fuel  tanks  during  presenation  proceil tires  and  their  deleterious  effects  during 
subsequent  use  exercising  of  the  vehicle  have  been  suspect  relative  to  the  diesel  fuel 
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l ablg  3.  Jl  rOT  Data  on  V'ariou>  Diesel  I ufl  Sampio 


Sample 

No. 

IVseiipiioii  ot'  1 uel 

Jl  rol  Test 
reinp.,‘’('r  1 ) 

A P 1 ailute 

1 27  mm. 
miniKes' 

ASTM 

lube  Kadnits 
TDR  Spot 

TDR  Spun 

CX'L-1  -80,J 

.•\Pt;  Test  Ihesel  l uel 

25.J|487> 

>150 

<2 

27,0 

31.0 

281(5.78) 

PI  AtXX'K 

3.3.0 

34.5 

ax  i -801 

.■\h.l  lest  Diesel  l uel 

l')2(375) 

*» 

•c2 

23.0 

24.5 

*» 

•• 

226(438) 

** 

''4 

31.0 

33.0 

*• 

253(487) 

57 

^4 

40.0 

41.0 

C'l'L-l  -817 

APll  lest  hiesel  l uol 

l‘);(375) 

'•  1 50 

2 

25.5 

27.0 

•• 

•• 

226(4.38) 

•* 

•4 

31.0 

32.5 

Ml  KIK'  lest  1)1  O 

177(.3.5()) 

•* 

<4 

31.5 

32.5 

253(487) 

12.4 

s 

23,8 

25.2 

I'ominereial  'D,  Souii-e  1 

353(667)’ 

'•  1 50 

PI  AC  (K  K 

37  0 

41.0 

I'omineieial  2D.  Source  II 

253(488) 

107 

•4 

32.5 

.3.3.0 

260(500) 

70 

■4 

33.7 

35.0 

288(5.S()) 

18 

4 

33.2 

36.0 

<.  oiumcicul  2l>.  Souiec  M 

.343(6.‘>0) 

'•  1 50 

•4 

50.0 

'-50.0 

I'ommeicial  2D.  Source  S|  1 1 

2‘)()(537) 

110 

^4 

.34,3 

41.0 

('omineicial  2D.  Soutsx-  Si2) 

240(537) 

58 

■4 

37.2 

34.0 

l>l  2.  l'niU't):Touiul  lunk. 
Oudritk'o  Hast* 

232(450) 

1.50 

^4 

28.0 

28.8 

•» 

274(525) 

»* 

4 

.34.5 

36.0 

l>l  2,  Vehicle  lank.  Oiuniico 
Hast* 

274(525) 

15.2 

4 

34.0 

35.2 

* SauipU's  showini;  " • 1 50”  iinlii'atc  no  otiaivc  ovourti'il  in  AT  during  1 50  minutes, 

■> 

■ This  ssjs  Jl  rtJl’s  nia\iinuin  liiml. 


NumbsT  not  (tiven  these  samples. 


IjMc  4.  U-  H)l  l>aU  on  Kcrtufi>  ami  Sjnn|>lcs 


Sample 

No. 

I'l  1 ucl 

Jl  lOl  lest 

1 emp..  ”r  r I'l 

Al*  1 Jiluie 

1 27  mm. 
minuies' 

ASIM 

lube  RaimKS 

1 OR  St8.( 

I'DR  Spim 

^l-^b78 

01  0,  Relinery  S.4mpic  iTl 

760(5001 

•4 

.74.7 

75.0 

Al  -6748 

17|  Rcliiwiv  Sample  (SI 

.701(5751 

^S 

4 

45.8 

4 7.7 

\14>175 

0!  -1.  Rerinerx  S.»inpU' 

75.7(5871 

65 

^4 

41.0 

47  0 

AI4.7I6 

1>I  Reliiirtv  Sample  ( Al 

7'»(l(5.77l 

6.7 

-4 

44  4 

44,4 

414.6:5 

III  -J.  Reliiierv  Sample 

746(4  751 

40 

^7 

76  0 

78.7 

*» 

•• 

.708(5871 

•-4 

71.0 

77.0 

•• 

.716(6(101 

. .X 

78.0 

70.0 

Al  -66:6 

.777(6171 

8.7 

•-4 

50.0 

50  0 

VI  ■66.70 

•• 

7.71(4481 

105 

•4 

7.7.4 

74.0 

•• 

75.7(48  71 

> ■» 

i 

.77(1 

'-4.0 

*• 

•• 

787(5401 

s 

1 

74  0 

76.0 

Al  4.574 

Rel  in  : I..I  1 IM  741 

.701(575) 

S4 

■4 

4S.0 

48.6 

Al4.7i: 

1 ort  IIoahI  I Ji'ilil> 

.74.7(6.5(11 

-150 

-4(17) 

-50 

- 50 

A14.7IS 

I'l  •:.SIuf(H'  Atm\  Hepoi 

760(5(8') 

46 

-4 

44.7 

45  0 

\l  6757 

in  Saet.imem..  ,Atiii>  I'epoi 

7'>0(6.771 

55 

4 

78.0 

40  7 

Al  67.71 

01  i umbcriami  Arin> 

.7.78(64()1‘ 

•150 

4(H) 

-SO 

■ 50 

A 1-6704 

01  *2.  Uu'olc  Vinn  IVjH'l 

71 7(6.501 

-1.50 

-4 

-50 

■ 50 

Al  4.706 

01  Anniston  Ainu  iVpol 

774(575) 

■'4 

78  4 

78  8 

Al  6707 

I'l .Seiuv.i  Afiiii  IVp>.l 

774(575) 

107 

- 4 

75.0 

.76.7 

Al  6684 

I'l  1 elleikeni'v  Arm\ 

IVpi.t 

774(575) 

4.x 

•4 

76.1 

77.8 

Al  4.717 

01  -2.  > uma  I'tomiu'  (oouiul 

.757(675) 

'-1.50 

-4(17) 

-50 

- 50 

Al  6674 

in  I'SAI  S.imple 

761(681)' 

•150 

MdD 

•50 

■ 50 

SjiDpU't  shi'u  inp  ■*  ' 1 50"  iiulu'jii*  no  di.inj*c  in  .nT  oivunoil  ilurin^  ilu*  1 50  nunutos. 
* •Mlhoui'.h  Jl  lOI  wjs  wt  .-I  , »|<cr.iiini:  li'm|vi.iliiti'  riM»lu\l  onl\  MvV'l  . 


lliiswjsJI  ll>l  ;i-m)Vt.ilutf  linnl. 


(> 


I jblo  5.  Repeatability  of  J1  l O r Data 


Sample 

No. 

IH'scription  ot  l uol 

JMOr  lest 
Temp.,  °C 

AP  b'ailure 

1 27  mm, 
minutes 

lube  Rating: 

1 DR  Spun 
Deposit 

lM'-:.Q«;>ntico  llSNU'  Base 

274 

18 

31.2 

274 

\5 

35.2 

t ommereial  71),  Soiin  o 11 

2S8 

18 

3(1.0 

288 

18 

38.2 

Commercial  21),  Source  1 

200 

0 2 

28.7 

2p0 

8o 

34.2 

I'ommercial  21),  Source  ,S(  1 ) 

2^)0 

40 

35.5 

2‘>0 

1 10 

30  3 

Commercial  21).  Source  S(2) 

2^)0 

.^8 

34.2 

" 

2^H) 

52 

37.2 

Commercial  20.  Source  C 

2(U) 

Op 

31.2 

2p0 

103 

1 

Ket.  l)l'-2  lor  M M 341 

288 

103 

35.7 

" 

288 

lOo 

28.5 

AL-P707 

l)l'-2/Sei\eca  Depot 

2:’4 

8(1 

34.2 

2"4 

00 

Mr 

A1.-<>(>S4 

Dl  -2/Letterkenny  Depot 

274 

80 

3(1.2 

274 

lO.s 

3(1.0 

Al  -(t07S 

Dl'-2.  Refinery  Sample 

2(H) 

(i4 

34.8 

* * 

2o0 

(i7 

34.5 

- Niiiiihfrit  not  itiven  llicse  sitniplfs. 
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1 


1 al'lv 

P 1 llvVt  ,'1 

1 .iiul 

K'n(  Oui^UvMi  \tn  U lOI  1 vilv  K,tlin>N 

1 tu 

vt'  4t  Ulch  \ omjviuinu* 

J 

Ss'  IVsatj'Uv'n 

r \ .iiiviu' 
i 7 »nin 
nniuucN* 

] i'K*  S|»«M 
IVjV'Mt 

ll-vl 

rv' 

' V 1 Jllutv' 

\ ' jnm 

nuiuiU'v* 

I I'K  Spun 

lV*ps*Ml 

< ivil  'IV  M 

.'IS 

IM' 

1 0 

U 'x 

■ \ >0 

•>i> 

^ oiutncuul  -0,  li 

'4p 

■IM' 

.'SS 

IS 

ii  ; 

V v^mtnouul  .'IV  SO  ) 

.’p ' 

1 '(> 

IS  i' 

:si 

44 

41 

1 I'lnjnn.uJ  .'IV  Su'> 

.'p  • 

lM> 

4 1 1' 

:s» 

N ^ 

■'4 : 

i oininvMs ul  'IV  \ 

.'.'p 

|M> 

l' 

U X 

1 .'0 

i*  0 

I'l  , 1 iuU't^u'\)not 

1 .iitk  vV).(ntK\' 

.'.'p 

I'l' 

1 l' 

: '4 

■ INO 

14  ^ 

:\0\uU' 

\ .ink , 

'.'p 

I'l' 

:i 

: '4 

i> ; 

14  0 

^ V 1 1 s::  fPi  .'1 

.'.'p 

■ I'd 

;i  1 

\ \ \ 

iW  » SI ' :> 

.'.'p 

I'll 

ii  i' 

' > ' 

INO 

Is  ' 

, ^ 1 1 1 fiM 

- 1 

I'l' 

0 

:.si 

1 1 0 

] vx  1 1 sv'.'vi'i  :i 

.'.'p 

IM' 

U i' 

'> » 

\ ' 

40  0 

V V 1 1 S(I|  (I't  .'1 

.'.'p 

■l.'l' 

.'S  i' 

.'SI 

41 

4S  0 

i Ml  KIH  Ivvl  I'l  : 

l'>S 

I'l' 

>1  s 

1 i 

' 1 s 

• S.iiupU'N  \hv'\^  *'  1 'i' 

‘ A\\'  t\0 

ohanvv  in  \r 

unv\!  vliiuiu*  1 >0  nnnuU'N 

vll'llVi'IN  .llUl  IHU'i'tK'll  s\sU‘lllN  riu'  IlKlK'H  U'lllU'OI  .liiil  ll  IM'v  W l'U‘  i'\ .llll.lIOil  tv'  aNNk’'>'' 
whvllivi  llii'v  vv'iilnl’iilv'vl  tv' .in>  liv'i'i'siliv'ii  v'l  AT  lailiiiiv  1 ho  ivsiilts  v't  lltis  avUtuiw 
ot.ilii.ifu'ii  .no  sliv'wn  in  l.ihlo  ' Iho  twv'  \t.'l  m.uoii.ils  h.ul  .il'v'ul  oviu.il  innnonoo 
v'n  tho  vtiONol  s.nnplo  .it  tlio  lv'«ot  v'poi.itin.o  tomi'ov.itiin.'.  W lion  ov.iln.itovi  .it  tho  hiohoi 
1'pot.itin);  toinpoi.itiiio,  Iu'wonoi,  tho  v'lio  ptv'vhiot  o.iusovl  .\1’  t.nliiro  tv' v'ooin  within 
niinntON  iiivlio.itini;  it  tv'  ho  tlioini.il  Nonsitno  Iho  tliioo  t'liotiv'n  rovhiooi  .uhiitixos  woro 
ov.ihi.ilovl  .It  I'lio  tonipor.itiiio  v'liK.  Ihoii  otfoot  on  .\l’  t.iihiro  w.is  i.iiiovl.  howoiot, 
.ill  tluoo  piv'vliiv'Ovl  .in  inoro.iM'vl  lo\ol  v't  vlopv'Mt  v'lor  th.it  v'l  tho  no.it  liiol  whioh  w.is 
intovi'rotovl  .i>  hoiiii;  vlolotoru'iis 

Ihinni:  llio  niiinorv'iis  ovpoinnontN  with  tho  .U  lOl.  .i  notowv'ithN  .inoin.iK 
w.is  oMvlonoovl  IhiN  otfoot  nnolvovl  tho  in.ihihtv  to  to.ioh  tho  ni.i\niuini  high  tonipoi.i 
tiiro  limit  with  .ill  vliosol  liiols  whioh  woro  tostovl  Moro  spooil'lo.ilh  . in  tho  toiiipoi.itino 
i.ingo  ot  {'.'iV'  tv'  "OlV'l  . tho  .11  ror  toiulovl  tv'  st.ihih/o  .it  tompor.itiiios  ot  i'40''. 

.iiivl  ('Sr'r,  rospootisolv . .illliotigh  m o.ioli  o.iso.  tho  oontrols  woro  sot  .if  '(lO'l 
Mtl'.oiigli  tho  .11  IXH  IS  vlosignovl  to  v'por.ito  up  tv'  ’’I'HV'l  . this  ho.it  limiting  .niv'in.iK 
m.i>  ho  .1  losiili  v't  m.uloviit.ilo  ho, it  tianstor  hov'.iiiso  of  ho.itor  ov'nt.imm.ints  .iffootmg 
tho  ho.it  tr.msfor  .iiui  vlopv'sition  on  tho  proho.itot  tuho 


Kil'U*  * \ Mos.1  ol  \ 4n\>u>  !nh»hitoi«ion  Ihcuital  SUiImUu  ol  I ucl 


II  M>)  IcNt 

1 ci:i{vi.iturc.  i 

J line  ii>  1* 

1 aihuc.  MmuiCN 

I’u-IkmIi-i 

VS  1 VI  Xo 

1 ubc  Kalinc 

1 UK  Spun  IH  pv'Ml 

Uii'M'l  1 ucl  \ 

ISO 

I'l  M IK  K 

.»>.o 

IVm-I  V * 1 U'lVi  l' 

s^ 

3 

41 

I'KM-i  V • 1 i.a  vi  1' 

' ' ' 

S" 

4 

.<0.0 

1'U‘M'l  1 lU’l  b (\tMO 

U'v 

ISO 

4 

SO 

I'k-m-1  h • 1 I.a  V i p 

U '» 

4 

so 

I'li  M-l  H • 1 lolVil* 

l.so 

4 

SO 

Piosol  1 m'l  {'  (Nc.  li 

.’Ml 

Ilk' 

; 

:s  > 

IMonoI  1 ucl  l.  ♦ 

ratululaic  1 iK'tuMi  Ucvlucci  \ * 

>0 

s^ 

4 

' 2 

* tit  It  ♦ ri’M 

('ambtiatc  1 fKiii't)  Kctlutvi  S‘ 

.’Ml 

Iso 

4 

4:.s 

Oic'vt  1 1 ucl  i ♦ M)  IM'M 

t.  atuiuiatc  1 ticlKUt  Rctliuvr  l ' 

.'Ml 

Ut.i 

•> 

.11.7 

MU  l’u'>cf>4fiv»*  MippliiMbN  ^^'lnp4n>  ! 

\Ul  ^-4^00'  <upplu\l  In  v'oinpain  ' 

1 iKtu'M  u\Uuvi  .ulvlitiwn.  \vhu*li  au'  lup.h  n\v'K\vilai  wiMclit  ranjic  pv'lsnKM>,  l>a\o  been  piojVNevi  as  a means  U' 
rctUuv  the  (uibulent  virae  phenotnena  ooemnne.  vlunne  pipelnu*  nunements  petu'leinn  pivutiu  is  aiu<  eiiuie  v'll 


4.  t'oiK'lusions. 

riu’  J1  re*!'  app.ir.itiis.  invcstipatcil  to  >.lot'iiic  its  pv'ti'iiti.il  .ipplio.ition  I'oi 
ilioscl  t'lii'ls,  was  I'ounvl  to  discriminate  within  a wide  ranjio  of  diesel  tnel  samples  which 
were  representatire  of  t'ielil.  ret'iner> . depot,  suspect,  anil  cvmimercial  ipialitv.  Hie 
A P lailnre  temperature  and  time  to  reach  that  point  were  used  to  dit't'erentiate  the 
i|nalit\  between  the  \anons  diesel  I'nels.  I ailnre  temperatures  ranged  from  approxi- 
mately 45fV'l  to  above  o.''fP'l  for  the  samples  evaluated,  whereas  some  did  not  fail 
within  the  temperature  limitations  of  the  .M  lOl  The  average  .NT  failure  point  for 
diesel  fuels  was  found  to  be  approximatelv  52.^''1' 

Preheating,  reeycling.  and  re-rnnning  at  temperatures  below  the  A P failure 
point  did  not  appear  to  affect  the  limiting  temperature  significantlv  . I xpernnentation 
with  additive  materials  revealed  the  .11  IXIP  procedure  to  provide  a means  for  pre- 
dicting whether  any  deleterious  effects  relative  to  thermal  instability  would  occur  with 
introduction  of  the  additive.  It  was  difficult  to  phue  significance  m the  deposit  color 
data  obtained  m these  tests  because  of  the  operational  procedure  employed;  that  is, 
looking  at  measurable  increases  in  the  differential  pressure  across  the  test  tilter  1 he 
preheater  tube  discoloration  or  lacquering  indicated,  however,  a loss  in  heat  transfer 
and  the  susceptibility  of  certain  components  in  the  fuel  to  be  thermally  unstable. 


iubl[0(;rai'Hy 
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APPI-NOIX 


SUMMARY  OF  JF  lOT  PR(K  FDDRF 

1 In  ost;iblisliin>;  llu'  AP  biilurc  point  lor  ilioscl  luol,  an  initial  samplo  is  ini.ri‘- 
nicnlally  stivssctl  Ironi  a low  to  a liif>li  Icniporalnri’  to  iilontil'y  the  rclalivo  lanjii-  ol 
lailinv.  Hk'  lailiirc  ranpi'  is  wluio  a sinnit'icant  risc/iiuroasi'  in  the  I'iller  prossiin-  ilittVr- 
ontial  IS  i'vuIimki'iI  within  tlio  initial  .’()  niiniilos  oT  operation.  I'ollowinf:  this,  two  oi 
three  suhseiiiient  samples  must  he  evaluated  to  obtain  a definitive  AP  failure  point  for 
the  fuel  111  question. 

2.  I he  sample  si/e  is  <>()()  ml  per  test  whieh  requires  2.5  hours  of  operation. 

} file  fuel  pretreatment  requires  filtration  Ihrounh  a sample  layer  of  general- 
purpose  retenlive-qiialily  filler  paper.  I ollowing  this,  the  sample  is  aerialed  for  o 
miiuites  at  1 .5  liters  per  minute  air-llow  rale. 

4.  rile  sample  is  isolated  in  a pressure  eonlainer,  the  eimlainer  is  atlaehed  to 
test  maehme.and  the  system  is  pressurized  with  nitrogen  to  500  Ih/in’. 

5.  The  s.unple  passes  through  a prefilter  (a  0.45-mieron  filler  on  supportoe 
sereeni  at  .i  How  r.ile  i>f  .M)  ml  minute,  by  .i  pohsheil  heater  tube  tmlor  ilata  obtained 
from  lube  siiif.iee),  out  through  a l7-mKroii  iiommal  porosity  preeision  lillei  loi,iled 
(usl  ilow nslre,ini  from  the  healer  lube,  .md  through  a metering  piiiiip  b.iek  to  .in  iso 

l. iteil  reservoir  above  the  s.imple  m pressure  vessel 

(<  I he  lemper.ilure  of  healer  lube  is  aulomalieally  eonirollable  up  to  aboii; 
7t)in 

7.  .Nil  aulonialie  reeoider  reeords  the  pressure  dilTerenee  tin  mm  llgl  before 
.iiul  .liter  the  l''-mieron  preeision  filter  I'he.se  .samples  were  eonsidered  as  tailed  at 
125  mm  llg  when  the  pressure  .il.irm  soumled.  r.ither  than  at  250  mm  llg  when  the 

m. iehme  .lutoni.iliealK  shuts  dow  ii 

N I he  I'ohsheil  healei  lube  is  w.ished  w ilh  hesane.  then  the  tube  deposit  eoloi 
il.il.i  .ire  obt.uneil  I he  Mark  S I DK  t l ube  IV  posii  U.iieri  is  an  eleelionieoplK.il 
msiiumeni  .nul  le.ids  spun  .md  or  spot  deposit  i.itmgs  on  .i  metei  di.il  The  oldei 
( olor.itoi  eomp.ires  ei'lor  on  the  lube  with  the  VSIM  Stand. ird  Colors  in  .ASIM 
Dlor.l) 


